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The spatial variability in the food chain structure of an estuary environment (Nanakita estuary, Japan) was investigated
using fatty acid. Potential organic matter sources (terrestiral plants, macroalgae, benthic microalgae, dinflagellates and
bacteria), sedimentary organic matters and benthic invertebrates (Nuttallia olivacea and Nereidae) were sampled in four
locations with different tidal flat type. The main objective of the present study was to determine the origin of sediment and
the food sources of N. olivacea and Nereidae along with small-scale spatial variability. The origin of sedimentary organic
matters were mainly the fatty acid of bacteria and benthic microalgae. Especially, The organic matter of terrestrial plant
origin was found the highest in station C. The diets of N. olivacea and Nereidae were found to be dominated by diatoms and
terrestrial plants. Whereas, macroalgae and dinoflagellates showed little influence to benthic invertebrates. Moreover,
according to principal component analysis, it is showed that benthic invertebrates in the same region are using the same food
without relation with species. On the other hand, the N. olivacea and Nereidae of station D clearly contrasts with station B in
terms of main food sources. From these results, it is suggested that food competition of benthic invertebrates revealed high a
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Fig. 1. The study site and sampling points in tidal flats
of the Nanakita river estuary.
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Table 1. Condition in gas chromatography for fatty acid

Gas chromatograph GC-17A Ver.2(Shimadzu Inc.)

CP-Select CB for FAME(0.25mm

ill 1
Capillary column I.D. x 100m) (GL Sciences, Inc.)

Detector FID

Injector temperature 250C

Column temperature

program 150°C, 4 Cmin™ to 250°C

Carrier gas He

H e pressure 331kPa

Chromato pack C-R6A chromatopac(shimadzu)

ol
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Table 2. Relative fatty acid composition of potential food sources at Nanakita estuary, Japan (unit: %)
Fatty acids C. closterium Ulva sp. P. australis Source

Saturated

14:0 3.8(5.78) 0.9(0.07)  5.4(2.48)

15:0 1.4(0.26) 0.6(0.12)  0.8(0.38)

16 :0 46.5(9.73) 40.8(1.91) 19.4(1.81)

17:0 - - 0.1(0.21)

18:0 3.2(0.64) 0.4(023)  4.5(1.36)

20:0 - 0.1(0.08)  6.5(0.33)

21:0 - - 0.3(0.29)

22:0 - 0.9(0.55) -

23:0 - - 0.4(0.36)

24:0 0.5(0.22) 0.1(0.06) 1.7(0.13)

Branched

15 1 0 Anteiso 2.0(0.27) 0.1(0.04) - Bacteria(gayoso s, 1997)

15 : 0 iso 0.3(0.28) - Bacteria(gayoso &, 1997)

17 : 0 anteiso 0.4(0.49) - 1.2(0.17) Bacteria(gayoso &, 1997)

17 : 0 iso 0.1(0.22) 0.1(0.03) - Bacteria(gayoso &, 1997)
Monounsaturated

15:1 0.2(0.15) - -

16 : 1a7 20.4(5.56) 2.1(0.08)  12.2(5.74)

17 01 - 0.6(0.08) -

18 1 17 9.3(1.06) 10.8(0.47) 0.9(0.31) Bacteria(gayoso s, 1997)

18 : 109 3.8(1.42) 1.1049)  16.3(0.88)

20 : 109 - 0.1(0.02)  0.6(0.52)

Polyunsaturated

16 204 0.9(0.35) 0.3(0.02) -

16 : 304 0.3(0.31) 0.7(0.45)

18 : 206 0.8(0.29) 6.7(0.2) 12.0(0.88) Macroalgae(Tmbs 5, 2001)

18 : 3w3 0.2(0.31) 15.2(0.25) 10.2(1.15) Macroalgae(Imbs 5, 2001)

18 1 3w6 0.5(0.15) 0.3(0.37) -

18 1 4w3 0.5(0.48) 13.2(1.04) - Dinoflagellates(gayoso &, 1997)
20 : 306 0.1(0.09) 0.2(0.05) -

20 :4w3 0.1(0.14) 0.5(0.62) 1.4(0.11)

20 : 5w3 2.1(0.70) 0.8(0.06) - Diatom(gayoso “s, 1997)

22 1303 - 0.2(0.02) -

22 1503 - 2.0(0.18) -

22 1603 0.1(0.14) 0.1(0.05) - Dinoflagellates(gayoso &, 1997)
2. Long chain FAs(LCFAs) - - 6.0(2.32) Terrestrial plants(Alfaro 5, 2006)
> Essential FAs 03&6 6.6(0.84) 39.8(5.60)  23.6(5.67)

> Fatty acids, dry weight(mgg") 25.4(4.8) 18.6(4.6) 15.1(6.9)

Mean (standard deviation); n=3; -: non-detected

(Gayoso 5, 1997; Imbs 5, 2001). A= FASHA 1991) Z| 2 AHAARRD A A 2} m| iz 7o} wlafofl A
A 52t s qol Mt B oRe 44 2EEX) eRerBavour %, 1980; Johns 5, 1986).
&= 32l AJ%AF LCFAs(Long chain fatty acids)2 &

o] 45131 9JQIth(Table 2). LCFAsS 115418 & 33. ﬂ?% E|XZ0| Rl

g 8AF 871 E0| 2 Z(Colombo 5, 1996; Denant 5, ®3 Bo] Ak A} A% C(112.9 pge™)
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Table 3. Relative fatty acid composition in sediments from four stations at Nanakita estuary, Japan (unit: %)
Fatty acids Station A StationB  StationC  Station D Source
Saturated
14:0 3.1 4.4 4.6 3
15:0 0.9 1.5 1.7 22
16 :0 29.3 22.5 20.8 21.6
17:0 0.5 - - -
18:0 11.2 5.3 7.4 -
24:0 - - 6.5 3
Branched
15 : 0 Anteiso 2 12 2.6 1.7 Bacteria(gayoso et al., 1997)
15 : 0iso 1.7 1.4 35 22 Bacteria(gayoso et al., 1997)
17 : 0 anteiso 0.8 - - 1.4 Bacteria(gayoso et al., 1997)
17 : 0 iso 0.8 - - - Bacteria(gayoso et al., 1997)
Monounsaturated
16 : 1w7 12 273 14.8 22.5
1711 0.3 0.6 - 1.3
18 i 1w7 5.9 42 6.4 9.6 Bacteria(gayoso et al., 1997)
18 1 1w9 19.9 42 - 1.2
Polyunsaturated
16 : 204 1.2 2.7 2.1 2.8
16 : 304 0.3 2.1 - 1.9
18 1 206 32 1.4 32 22 Macroalgae(Imbs et al., 2001)
18 2 3w6 - 0.3 - -
18 : 4w3 0.4 1.2 - - Dinoflagellates(gayoso et al., 1997)
20 : 4w6 0.5 1.4 - 1.6
20 : 503 2.1 13.1 6.4 132 Diatom(gayoso et al., 1997)
22 1503 - - - 1.2
22 1603 1 1.8 - 1.8 Dinoflagellates(gayoso et al., 1997)
>Long chain FAs(LCFAs) 0.4 2.4 16.6 43 Terrestrial plants(Alfaro et al., 2006)
> Essential FAs 03&w6 7.2 19.2 9.6 24.1
S Fatty acids, dry weight(mgg'") 28.8 44.3 112.9 52.6

Mean (standard deviation); n=3; -: non-detected

oA 71 ki ZAF A, B, D= 212 28.8 g
g, 443 pgg’, 52.6 pgg' E VFERGTHTable 3). 3
Y= A4 e AAH o R FH AHRH C)
o] mefj ZAH(XH A, B, D)t =4 yehgth CA]
Ao AY B E Y 4715 o] ma AHA, B,
D)t} om e AUl FErt 715k Ao wek
I thBalthis 5, 2005). 121 A7 Co] &<o] T2
ARG =7 AE st GaRIgE AztEc
(Nishimura®} Sakamaki, 2009). #]A 2+ nj4azF
O] YA F7} E= 20 : 503 APAH s w2 A
H(HXH A)2] 0.6 pgg Bk F ABAE O)olA 7.2
gg” & =7 e Table 3, Fig. 2). E T2 AY4)

2|32 | 2lo} XHAK15 1 0 iso, 15 : 0 anteiso, 1
7 20 iso, 17 : 0 anteiso, 18 : 107)%= A3 C(14.1 ug
gH)7F A2 peg), BG.0 pgg™), D(7.8 pgg)olA] =
o} A Yehgth A4 B2} n)az577) go| 23}
L 214 Cof 0|2 AJFste vhelelol: thgoz &
A oo ke, vhelejo @ njgEe v)Ew
o AT} 2o 71E Aot dAHHLee 5,
1999). S4FA1E 9 Zubakel LCFAs: ZHj7} of
FOoR EAFH= AR C(18.7 pgg ol LTI wol
HEEIAIL, D23 pgg’), B(1.1 pgg), AO.1 g )<
o2 v vpebgttt sjekollA] 7w 2 ColA] o
20 AAAE AYARR] 18 1 2w6, 18 : 3w37}
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3.6 pgg' 02 7P 7)) UERT A1- CE o
M e dfjiteto] WA F4dse] Qlar =
o SAAEe| thFe s WAkl gl A9
L Ao 7 YzFEthTable 3). PR 2F0] A2 3
AHpARel 18t 4a3, 22 1603 AF A(04 ugg),
B(1.3 pgg™), D(0.9 pgg ol A ool % =9
A9k A3 Collxl= BHEF =it ol2gt Aupei
Bl 33 EAE0) A4 A ok Al Aol wh
2t BAshs 719 7199 Afol9] ke wWot ot
2A el 058 & 4= SIthFig. 2, ANOVA;
p<0.05).
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Fig. 2. Fatty acid concentration of main food sources in
sediments collected within four stations at Nanakita
estuary (n=1).
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o] AR & AR XA A, BE] N. olivacea®l| =
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7} o] g3l Ao & Azt oYt A= o HE
2eb A2 AEEGAET AN K2 uazxit
HetE A2k Fadh Hollo R 14| H= Axt o
|8}aL RItK(Francis 5, 2007). 18] a1 ¥ 2]o}(0.7 ~
1.6 mgg ) o} TE(EHE~0.3 mge) Q] A|HHAFo] A 4]
B2 0] A25(0.7~3.5 mgg )& QAR 2F(0.6~2.3
mgg ) HT}E 2L o] G FEHE A} S A
?l Holh oz o]§5t7] oY 7] wjzolth HE A7
O N. olivacea2F-E] A& A4k 7|20 A4
e} o] 25-0] HREdul Ao o) F-75 A
A F2F o)Az 7| 18k= A 0= YERITH Alfaro
5, 2006; Kasai 2} Nakata, 2005).
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Fig. 3. Fatty acid concentration of main food sources in N.
olivacea collected within three stations at Nanakita
estuary (n=3).
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Table 4. Relative fatty acid composition in invertebrate samples from four stations at Nanakita estuary, Japan  (unit: %)

N. olivacea Nereidae

Fatty acids Station A Station B StationD  StationB  Station C  Station D Source
Saturated
14:0 3.6(2.39) 2.7(0.21) 5.7(0.04) 2.3(0.64) 1.9(0.51) 1.5(0.48)
15:0 2.5(0.02) 3.0(0.31) 1.4(0.14) 2.3(0.79) 1.5(0.21)  1.4(0.78)
16:0 31.2(7.45) 36.0(8.12) 26.6(1.24) 35.8(18.01) 33.5(7.50) 21.4(4.37)
17:0 0.3(0.58) 0.9(0.81) 1.2(0.12) - - -
18:0 17.4(0.71) 15.1(2.84) 8.7(0.17) 13.5(5.07) - 9.7(3.00)
20:0 - - - - - 0.1(0.13)
21:0 - - 0.1(0.11) - 2.3(2.01) -
Branched
15 : 0 Anteiso - - 0.2(0.14)  0.4(0.32) - 0.2(0.19) Bacteria(gayoso &, 1997)
15 1 0iso - - 0.1(0.12) ~ 0.1(0.19) - - Bacteria(gayoso s, 1997)
17 : 0 anteiso 2.8(0.19) 3.8(1.27) 1.9(0.35) 2.2(1.08) 1.6(0.65) 0.9(0.27) Bacteria(gayoso &, 1997)
17 1 0 iso 0.9(0.10)  0.9(0.81) 0.6(0.10)  1.0(0.38)  0.3(0.55)  0.2(0.18) Bacteria(gayoso &, 1997)
Monounsaturated
15:1 - 0.8(0.73)  0.5(0.12) - - 0.2(0.41)
16 : lw7 3.5(0.90) 4.6(1.79) 12.0(1.77) 4.2(1.17)  3.9(1.26)  5.5(1.46)
17 11 - - 0.1(0.14) - - 0.2(0.21)
18 : lw7 1.8(0.36) 2.7(0.32) 3.4(0.11) 4.0(1.99) 4.4(1.10) 5.1(0.22) Bacteria(gayoso &, 1997)
18 : 109 4.0(1.43) 4.7(0.65) 3.3(0.84) 6.9(1.17) 4.9(3.33) 9.4(3.54)
20 : 1w9 2.1(0.21)  2.8(0.90) 1.4(0.06) 4.3(1.85) 4.4(0.69) 2.5(0.66)
Polyunsaturated
16 : 204 0.8(0.67) 0.3(0.52) 0.2(0.35) 2.5(2.72) 3.3(1.12)  1.7(0.68)
16 : 304 - - 0.3(0.09)  0.1(0.17) - 0.1(0.13)
18 1 206 - - 0.8(0.06)  1.7(2.23) 3.7(2.30)  2.0(1.07) Macroalgae(Imbs 5, 2001)
18 : 303 - - 0.4(0.06)  0.1(0.14) - 0.5(0.06) Macroalgae(Imbs 5, 2001)
18 : 4w3 0.1(0.25) - 1.2(0.14) - - - Macroalgae(Imbs 5, 2001)
20 : 206 0.7(0.64)  0.7(0.59) 1.4(0.06)  0.9(0.76) - 2.1(0.17)
20 : 306 - - 0.1(0.12) ~ 0.2(0.36) - -
20 : 43 - - - - - 0.1(0.11)
20 : 46 5.1(2.09) 3.7(3.06) 2.7(0.06) 2.8(3.18) 6.9(2.95) 3.2(1.66)
20 503 6.0(0.43) 4.8(4.99) 13.7(0.89) 8.2(10.93) 16.3(5.34) 22.2(2.31) Diatom(gayoso &, 1997)
22 :3w3 1.0(0.83)  0.5(0.94) 0.2(0.29) - - -
22 1503 1.3(1.09) 1.1(1.40) 0.5(0.89)  0.8(1.43) - 2.6(0.29)
22 1 6w3 6.6(2.39) 4.1(4.08) 7.9(0.05) 1.4(1.18) 1.2(1.09) 2.1(0.06) Dinoflagellates(gayoso ‘&, 1997)
> Long chain FAs(LCFAs) 6.4(1.46) 3.7(0.66) 1.3(0.61) 2.8(1.35) 10.1(3.13) 3.4(2.95) Terrestrial plants(Alfaro %, 2006)
2 Essential FAs ©3&®6 20.8(2.80) 14.9(1.92) 28.9(4.45) 16.1(2.65) 28.1(6.61) 34.8(7.29)

S Fatty acids, dry weight (mgg™)  13.6(2.2) 14.2(1.7) 25.5(8.9) 14.4(2.9) 19.8(10.0) 22.5(2.5)
y

Mean (standard deviation); n=3; -: non-detected
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